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, ( Cayley )
. Example 1. $\mathrm{Z}^{N},$ $2$ . ,
[4] . 3, [2] .
Example 1 $N$ , $\mathrm{Z}^{N}$ $U$ $\langle$ : . $\cdot$?.:.: $\vee^{\backslash }.\cdot:$ . $\cdot.\backslash \cdot\grave{\iota}$
$(U_{x}\xi)(y)=\xi(y-X)$ , $x,$ $y\in \mathrm{Z}^{N}$ , $\xi\in L_{2}(\mathrm{Z}^{N})$ .
\mbox{\boldmath $\delta$}o ] $\phi$ . $\mathrm{Z}^{N}$
$\{e_{1}, \cdots, e_{N}\}$ . $\cdot$
$X_{k}.=. \frac{U(e_{k})+U(-e_{k})}{\sqrt{2}}-$ , $T_{N}= \frac{1}{\sqrt{N}}\sum_{k=1}X_{k}N$ (1)
, $X_{k}^{*}=X_{k},$ $\phi(X_{k})=0,$ $\phi(X_{k}^{2})=1$ . , $T_{N}$
. \mbox{\boldmath $\phi$} ,
$Narrow\infty$ $N(\mathrm{O}, 1)$ .
Example 2 $G$ $e_{1},$ $\cdots,$ $e_{N}$ . Example 1 , $G$
$U$ , $\phi$ , (1)
( $-e_{k}$ $e_{k}^{-1}$ ) $T_{N}$ . , $T_{N}$ $\phi$ , $Narrow\infty$
Wigner .
Example 3 $N+1$ $S_{N+1}$ $U$ . $S_{N+1}$ $\{0,1, \cdots, N\}$
, $0$ $k$ $\tau_{k}$ $(k=1, \cdots, N),$ $k$ $k+1$ $\sigma_{k}(k=0, \cdots, N-1)$
,
$T_{N}= \frac{1}{\sqrt{N}}\sum_{k=1}^{N}U(\mathcal{T}_{k})$ , $S_{N}= \frac{1}{\sqrt{N}}\sum_{k=0}^{-1}U(N\sigma_{k})$ (2)
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. , $Narrow\infty$ , $T_{N}$ Wigner
, $S_{N}$ .
Examples 1–3 , Cayley $-$ . ,
(1) (2) , ( )
..
$X$ , $E$ $\Gamma=(X, E)$
$A$ : $x,$ $y\in X$
$A_{xy}=\{$
1if $(x, y)\in E$
$0$ if $(x, y)\not\in E$ .
1 $a\in X$ , $a$ $\delta_{a}\in L_{2}(X)$
$\phi_{a}$ . $A$ $\phi_{a}(A)=(\delta_{a}, A\delta_{a})=0$ , $\phi_{a}(A^{2})=(\delta_{a}, A^{2}\delta_{a})=d_{a}$ .
, d $a$ ( $a$ ). (1) (2) , $L_{2}(X)$
$d_{a}^{-1/2}A$ \mbox{\boldmath $\phi$} . ,
, ( ) – .
$A$ . $d_{a}^{-1/2}A$
, , [4] [2]
. :
Examples 1–3 , .
,
$\phi_{\text{ }}((d_{\text{ }^{}-}1/2A)^{r})$ $(r=0,1,2, \cdots)$
explicit . $x$ $y$
( ) $x$ $y$ $-$ . , $r=0,1,$ $\cdots$
$\phi$ $(A^{r})$ $=$ $(\delta_{a},\dot{A}^{r}\delta a)=Ar\text{ }(a, a)$
$= \sum_{x_{1},\cdots,x_{r-}1\in \mathrm{x}}A\text{ }x_{\text{ }}A_{x\text{ }x2}\cdots A_{x,-1}$
$=$ $|$ { $a$ $a$ $r\text{ }-$ } $|$ (3)
. , $|X|<\infty$ , \mbox{\boldmath $\phi$} $|X|^{-\mathrm{l}}\mathrm{t}\mathrm{r}\mathrm{a}\mathrm{C}\mathrm{e}$ ,
$|X|^{-1}\mathrm{t}\mathrm{r}\mathrm{a}\mathrm{C}\mathrm{e}Ar$ $=$
$|X|^{-1} \sum_{\text{ }\in X}|$ { $a$ $a$ $r$ $-$ } $|$
$=$ $|X|^{-1}|$ { $r$ $-$ } $|$ (4)
. Examples 1 $-3$ , (3) (4) , non-crossing pair
partition . F , (3) (4)
(\S 2 ) , – .
– , [3] .
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, $\lambda\in$ A( ) $\{\Gamma_{\lambda}=$
$(X_{\lambda}, E_{\lambda})|\lambda\in\Lambda\}$ , $A_{\lambda}$ . $|X_{\lambda}|^{-\mathrm{l}}\mathrm{t}\mathrm{r}\mathrm{a}\mathrm{c}\mathrm{e}$ $A_{\lambda}$
$\kappa_{\lambda}$ . $A_{\lambda}$ , $\kappa_{\lambda}^{-1/2}A_{\lambda}$ $|X_{\lambda}|\neg 1$trace
$\nu_{\lambda}$ ( $\mathrm{R}$ ) , $\nu_{\lambda}$ $\lambdaarrow\infty$ ( ) $\nu$
. , $r=0,1,$ $\cdots$ . $\cdot$
$|X_{\lambda}|$ -ltrace $A_{\lambda}r= \kappa_{\lambda}^{r/2}\int_{\mathrm{R}}t^{r}d\nu_{\lambda}(t)\lambdaarrow\infty\sim\kappa_{\lambda}^{r/}2\int_{\mathrm{R}}t^{r}d_{\mathcal{U}(b)}$ , Ee.
$|$ { $r$ $-f$ } $|$ $\sim$ $|X_{\lambda}|\kappa_{\lambda}^{r}/2$ $\cross$ (\nu r ) (5)
$\lambdaarrow\infty$
. , \nu r , i r -
, . $\Gamma_{\lambda}$ , $\kappa_{\lambda}$ $\Gamma_{\lambda}$
valency ( ) $\langle$ , (5)
$|$ { $1$ $r$ $-$ } $|\lambdaarrow\infty\sim(\mathrm{v}\mathrm{a}\mathrm{l}\mathrm{e}\mathrm{n}\mathrm{C}\mathrm{y})^{r/}2$ $\cross$ (\nu r ) (6)
. $\mathrm{R}$ \nu ( ) . [4] [2]
, , .
[5] .
A large number of $\mathrm{a}\mathrm{s}\mathrm{y}.\mathrm{m}_{\mathrm{P}^{\mathrm{t}_{\mathrm{o}\mathrm{t}\mathrm{i}}}}\mathrm{c}$ questions in mathematics can be stated as
combinatorial problems. $\cdot$ . . The main question in this context is: What kind
of limit behavior can have a combinatorial object when it ttgrows”?
(5) (6) , .
\S 2 , Bose-Mesner ( )
, . \S 3 $\kappa^{-1/2}A$




2 Spectrum of a Distance-Regular Graph
, [1]
.
$\Gamma=(X, E)$ . $X$ , $E$ . $x,$ $y\in$
$X$ , $x$ $y$ ( $=x$ $y$ ) $\partial(x, y)$ , $\Gamma$
diameter $(= \max_{x,y\in x}\partial(x, y))$ $d$ . . $-^{-}..\cdot$.
Definition 21 $\forall h,$ $i,j\in\{0,1, \cdots, d\}$ $\partial(x, y)=h$ $\forall x,$ $y\in X$ ,
$p_{ij}^{h}=|\{z\in X|\partial(x, Z)=i, \partial(Z, y)=j\}|$
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$h$ , $x,$ $\sim_{\sim}^{arrow}$ , $\Gamma$ (distance-regular)
$...‘\backslash \cdot$ .: $:.\overline{.}.\cdot$ . $i$’ $..=$.
Remark , $R_{i}=\{(x, y)\in X\cross X|\partial(x, y)=i\}$ , (X, $\{R\}_{i=0}^{d}$ ) P-
polynomial . :.
, $I$ , 1 (Hadamard )
$J$ . $\mathrm{r}$ $i$ $A_{i}$
$(A_{i}.)_{xy}=\{$
1 if $\partial(x, y)=i$
$0$ if $\partial(x, y)\neq i$
, $A_{0}(=I),$ $A_{1}-,$ $\cdots$ , $A_{d}$
$A_{i}A_{j}= \sum p^{h}ijAh=0h$
. $A_{0},$ $A_{1},$ $\cdots$ , $A_{d}$ $|X|$ $A$
, r Bose-Mesner . $\kappa_{i}=_{P_{ii}^{0}}arrow-|\{z\in X|\partial(x, z)=i\}|$ , $\kappa=\kappa_{1}$
valency . $A$ idempotent = $\{E_{0}(=|X|^{-1}J), E_{1}, \cdots, E_{d}\}$




’.!: $\cdot.’$. $.;$ . $:,.’.i^{\backslash } \backslash A_{i}=\sum_{=j0}pi(j)Ej$ , . $|X|E_{i}= \sum_{0j=}q_{i}(j)A_{j}$
p4( qi( . , $A_{i}$ $A_{1}$ $i$ $\text{ }$. .
$A_{1}= \sum_{=j0}\theta_{j}Ej$
, $\theta_{j}=p_{1}(j)$ (7)
, -\mbox{\boldmath $\kappa$}\leq \theta $<\theta_{d-1}<\cdots<\theta_{1}<\theta_{0}=\kappa$ , (7) $A_{1}$
. $m_{j}=\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{k}E_{j}$ $j$ multiplicity ..
$\cdot$
. ‘ $\backslash \cdot$ . 1.
Bose-Mesner $A$ . $x\in X$ $\delta_{x}\in L_{2}(X)$
$\phi_{x}$ . , $A$ \mbox{\boldmath $\phi$} $H\in A$ (
)
$f\in C$ : $\mathrm{C}$ $\mapsto\phi(f(H))\in \mathrm{C}$
$c’\text{ _{ }}$ . $C=C_{0}^{\backslash }(\dot{\mathrm{C}}’)$ ( $=\infty$ $0$ )
. $H= \sum_{j=0}^{\text{ }}\eta jEj$ ,
$\phi(.f(H))=\sum_{j=0}f(\eta_{j})\phi(Ej)$
, $H$ $\phi$
$\sum_{j=0}^{d}\phi(E_{j})\delta_{\eta}j$ ( $\eta_{j}$ \mbox{\boldmath $\phi$}(Ej) . \eta j )
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$\mathrm{C}$ . $E_{j}\in A$ $E_{j}$ .–. ,
$|X|^{-1}qj(\mathrm{o})$ . $=|X|^{-1}m_{j}$ . , $\phi_{x}(E_{j}).=!^{x}|^{-1}\mathrm{t}\mathrm{r}\mathrm{a}\mathrm{C}\mathrm{e}E_{j}=|X|^{-1}m_{j}$ ,
.
Proposition2.2Bose-Mesner $A$ , \mbox{\boldmath $\phi$}x
$|X|^{-}$ ltrace , $H=\Sigma_{j=0}^{d}\eta jEj\in A$
$\Sigma_{j=0}^{\text{ }}(mj/|X|)\delta_{\eta_{j}}$ .
3Results on the Limit Distributions $-:\cdot$ . $’..\sim$
$\{\Gamma_{\lambda}=(X_{\lambda}, E_{\lambda})|\lambda\in\Lambda\}$ . $\Gamma_{\lambda}$ diameter, valency,
( 1) , $d_{\lambda},$ $\kappa_{\lambda},$ $A_{\lambda}$ . 1 $a_{\lambda}\cdot.\in X_{\lambda}$
$\phi_{\lambda}$ ( $a_{\lambda}$ , $\phi_{\text{ _{}\lambda}}$ $\phi_{\lambda}$
). $\phi_{\lambda}$ , $A_{\lambda}$ $0$ , \mbox{\boldmath $\kappa$}\mbox{\boldmath $\lambda$} . Introduction ,
$\kappa_{\lambda}^{-1/2}A_{\lambda}$
$\phi_{\lambda}$




$\cdot$ , . $:$
,
(8)
. , $\theta_{j,\lambda}$ $A_{\lambda}$ (7) , $m_{j,\mathrm{v}\lambda}$ $\Gamma_{\lambda}$ $j$
multiplicity . .
, $n$ $\lambdaarrow\infty$ , ,
,
, –
, $\text{ _{ ^{ }} }.\text{ }.\text{ }.\text{ }$
:
.
$\backslash$ . . $\cdot$ ..-: $t,.:\cdot$ . $,$ $.$ ‘
1. Hamming scheme $H(d, n)$ $j$
.$\cdot$:.
2. Johnson scheme $J(v, d)$
3. bipartite half of $H(d, 2)$ $\backslash$
4. association scheme of bilinear forms
5. $q$-analogue of Johnson scheme $J_{q}(v, d)$
$6$ . association scheme of quadratic forms
$\theta_{j},$ $m_{j}$ , [1] . ,
(8) $\nu_{\lambda}$ , , Poisson , , F , ,
.
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1. Hamming scheme $H(d, n)$
$X=F^{d},$ $|F|=n$ , $x=(x_{j}),$ $y=(y_{j})$ , $\partial(x, y)=|\{j|X_{j}\neq y_{j}\}|$ .
$\lambda=(d, n)$
$\theta_{j}=(n-1)d-nj$ , $m_{j}=(n-1)^{j}$ $(j=0,1, \cdots, d)$ (9)
. (8) $\kappa^{-1/2}A$ $\nu_{(\text{ },n)}$ .
Theorem 3.1 (i) $darrow\infty,$ $n/darrow\tau,$ $0<\tau<\infty$ , $\nu_{(d,n)}$ intensity $1/\tau$ , support
$\{-\tau^{-1/2}+\tau^{1/2}l|\iota=0,1,2, \cdots\}$ Poisson $\nu_{\tau}$ . $1.\mathrm{e}$ .
$\nu_{\tau}(\{-\mathcal{T}^{-1/2/2}+\mathcal{T}^{1}\iota\})=\frac{e^{-1/\mathcal{T}}}{l!\tau^{l}}$ .
(ii) $darrow\infty,$ $n/darrow \mathrm{O}$ , $\nu_{(d,n)}$ $N(\mathrm{O}, 1)$ .
Remark (1) $\tauarrow 0$ , $\nu_{\tau}$ $N(0,1)$ .
2 Johnson scheme $J(v, d)$
$|S|=v,$ $X=\{x\subset S||x|=d\}$ . $2d\leq v$ – . $x,$ $y\in X$
, $\partial(x, y)=d-|x\cap y|$ . $\lambda=(v, d)$
$\theta_{j}=d(v-d)-j(v-j+1)$ $(j=0,1, ’\cdot\cdot, d)$ , $m_{j}=-$ $(j=1, \cdots, d)(10)$
. (8) $\nu_{(v},\text{ }$) .
Theorem 3.2 $p=2d/v$ $(0<p\leq 1)$ .
(i) $darrow\infty,$ $parrow\alpha,$ $0<’\alpha<1$ , $\nu_{(v,d)}$ support $\{-(2\alpha^{-1}-1)^{-1/2}+2(\alpha^{-1}-$
$1)(2\alpha^{-}-11)-1/2\iota|l=0,1,2,$ $\cdots\}$ $\nu_{\alpha}$ . i.e.
$\nu_{\alpha}(\{-(\frac{2}{\alpha}-1)-1/2+2(\frac{1}{\alpha}-1)(\frac{2}{\alpha}-1)-1/2=l\})2(\frac{1}{\alpha}-1)(\frac{2}{\alpha}-1)^{-}(\iota+1)$ .
(ii) $darrow\infty,$ $parrow 1,$ $(1-p)d1/2arrow a\in[0, \infty]$ , $\nu_{(v,d)}$ support $[-1, \infty)$
$\nu$ . i.e.
$\nu([-1, x])=\int_{-}^{x_{1}}e^{-(+}ds1)s$ $(x>-1)$ .
Remark (i) $\alphaarrow 1$ , $\nu_{\alpha}$ (ii) $\nu$ . (ii) $(1-p)d1/2$
( $0$ ) , $parrow 1$
.
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3. bipartite half of $H(d, 2)$
$H(d, 2)$ $E=\{(x, y)|\partial(x, y)=2\}$ , $2^{d-1}$
diameter $[d/2]$ . $\lambda=d$ . $\cdot$
$\theta_{j}=\frac{d(d-1)}{2}-2j(d-j)$ , $m_{j}=$ $(j=0,1, \cdots, [d/2]-1)$ ,
$m_{[\text{ }/2]}= \frac{1}{2}$ if $d$ is even, $m_{[\text{ }/2]}=$ if $d$ is odd (11)
. (8) \nu .





4. association scheme of bilinear forms
$q(\geq 2)$ . Gauss q $[\cdot]_{q}$ .
$[k]_{q}= \frac{q^{k}-1}{q-1}$ , $[k]!_{q}=[k]_{q}[k-1]q\ldots[1]_{q}$ , $= \frac{[k]!_{q}}{[i]!_{q}[k-i]!q}$ .
q $d\cross n$ $X$ . $d\leq n$ – . $x,$ $y\in X$
.
$\partial(x, y)=\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{k}(x-y)$ . $\lambda=(d, n)$
$\theta_{j}$ $=$ $(q^{n}-1)[d]_{q}-q^{d}-[+njj]q$ $(j=0,1, \cdots, d)$
$m_{j}$ $=$ $(q^{n}-1)(q^{n}-q)\cdots(q-q^{j})n-1$ $(j=1, \cdot. . , d)$ (12)
. (8) $\nu_{(d,n)}$ .
Theorem 3.4 $darrow\infty,$ $n-darrow h(\in \mathrm{N}_{\geq 0})$ , $\nu_{(d,n)}$ support $\{-(q^{h}+$
$1)(q-1)-1/2q-h/2+q^{(h/2)}(+\iota q-1)^{-1}/2|l=0,1,2,$ $\cdots\}$ $\nu_{h}$ .
$\nu_{h}(\{-\frac{q^{h}+1}{(q-1)1/2qh/2}+\frac{q^{(h/)+}2\iota}{(q-1)^{1}/2}\})=(\prod(1-q-i))\frac{q^{h^{2}/2}}{[h+l]!_{q}[l]!_{q}(q^{1}/2-q^{-}1/2)h+2l}i=1\infty$ .
5. $q$-analogue of Johnson scheme $J_{q}(v, d)$
$V$ q v , V $d$ $X$ . $q$
. $2d\leq v$ – . $x,$ $y.\in X$ $\partial(x,.’ y)=d-.\dim(X\cap y)$
, $\lambda=(v, d)$
$\theta_{j}$ $=$ $q[d]_{q}[.v-d]_{q}-[j]_{q}[v-j+1]_{q}$ . $(j=0,1, \cdot. . , d)$
$m_{j}$ $=$ $-$ $(j=1, \cdots, d)$ . $\cdot$ . (13)
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. (8) $\nu_{(v,d)}$ .
Theorem 3.5 $darrow\infty,$ $v-2darrow h(\in \mathrm{N}_{\geq 0})$ , $\nu_{(v,d)}$ suppoft
$\{-q^{-(h+1)}+/2(1-q^{-}1)(ql/2-q^{-}\iota/2)(q^{1}-q-1/2)/2-1(q^{(+}-h\iota+1)/2q^{-}(h+l+1)/\dot{2})(q^{1/1/1}2-q-2)-|l=$
$0,1,2,$ $\cdots\}$ $\nu_{h}$ .
$\nu_{h}(\mathrm{t}^{-q+}-(h+1)/2(1-q^{-})1\frac{q^{\iota/2}-q-l/2}{q/2-1q^{-}1/2}\frac{q^{(h+l+}-1)/2-q(h+\iota+1)/2}{q/2-1q^{-}1/2}\})=\frac{1}{q^{l(h+l)}}-\frac{1}{q^{(l+1)(}h+\iota+1)}$ .
6. association scheme of quadratic forms
$p$ 3 , $f$ $q=p^{2f}$ . $q^{1/2}(=p^{f})$ $(n-1)$
$X$ . $x,$ $y\in$ (rank $(x-y)$ ) $/2$
$\partial(x, y)$ , diameter $[n/2]$ . $\lambda=n$
$\theta_{j}$ $=$ $(q-1)^{-1}(1+q^{n-}-j-(1/2)q^{(n-}-1)/2q)n/2$ $(j=0,1, \cdots, d)$
$m_{j}$ $=$ $q^{j(n-j-(}1/2))_{\prod^{j}\frac{(1-q^{i(/2)1}-n-)(1-q^{i(/)(1/)}-n2-2)}{1-q^{-i}} ,i=1}$ $(j=1, \cdots, d)$ (14)
. (8) $\nu_{n}$ .
Theorem 3.6 (i) $n$ $arrow\infty$ , $\nu_{n}$ support $\{-q^{1}(/4q-1)-1/2+$
$q^{-}(1/4q-1)1/2[\iota]_{q}.|\iota=0,1,2,$ $\cdots\}$ $\nu^{(e)}$ .
.
$\nu^{(e)}(\{-q1/4(q-1)-1/2+q^{-}1/4(q-1)1/2[\iota]q\})=\frac{\Pi_{j=1}^{\infty}(1-q-j+(1/2))}{q^{l^{2}-(l/2)}\Pi_{j=1}^{l}(1-q-j)(1-q^{-})j+(1/2)}$ .
(ii) $n$ $arrow\infty$ , $\nu_{n}$ support $\{-q^{-1/4}(q-1)^{-1/2}+q^{1/4}(q-$
$1)^{1/2}[l]_{q}|l=0,1,2,$ $\cdots\}$ $\nu^{(\mathit{0})}$ .
$\nu^{(_{\mathit{0}})}(\{-q^{-1/}(4q-1)^{-1/2}+q1/4(q-1)1/2[\iota]q\})=\frac{\Pi_{j=1}^{\infty}(1-q-j-(1/2))}{q^{l^{2}+(\iota/}\Pi_{j=1}^{l}2)(1-q-j)(1-q^{-j-}(1/2))}$ .
4 Proofs of the Theorems
\S 3 . ,
$\bullet$ (Fourier )
$\bullet$
2 . Hamming scheme , (9)
, $\nu_{(d,n)}$ . ,
. , , Hamming scheme (Theorem 3.1) Johnson
scheme (Theorem 3.2) .
.
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4.1 Proof of $\mathrm{T}\mathrm{h}\mathrm{e}\mathrm{o}\mathrm{r}p_{-}\mathrm{m}$ $.\mathrm{q}_{-}\rceil$1 $r\mathrm{r}\cap\cap \mathrm{r}\mathrm{n}\tau\cdot \mathrm{I}\mathrm{n}\circ.\mathrm{n}\mathrm{r}o-\mathrm{m}-.\{_{-}\mathrm{l}$ $-.\dot{j}$
(9) $\text{ }|X|=n^{d}k$
$\nu_{(d,n)}=\sum_{0j=}^{d}\frac{m_{j}}{|X|}\delta_{\kappa^{-1}}/2\theta_{j}$ (15)
. bottom , $j=d-l$
$\theta_{\text{ }-\iota}=-d+nl$ , $m_{d-\iota=}(n-1)^{d-\iota}$ $(l=0,1, \cdots, d)$
. (15)
$\int_{\mathrm{R}}edi\xi x\nu_{(\text{ },)(X)}n$ $=$ $\sum_{0l=}^{d}e^{i\xi}\frac{m_{d-l}}{|X|}\kappa-1/2\theta_{d-}\iota$
$=$ $(1- \frac{1}{n})^{d}e^{-}--1/2\sum_{l}^{d}i\xi d^{1/2}(n1)\xi n(n-1)-1/2d-1/2\iota(e^{i}n=0-1)^{-l}$
$=$ $(1- \frac{1}{n})^{d}e^{-}-1)-12\mathrm{t}i\xi d^{1}/2(n\mathit{1}\frac{1}{n-1}1+e\}^{d}i\xi n(n-1)-1/2d-1/2$ (16)
.
, $darrow\infty,$ $n/darrow\tau\cross’ 0<\tau<\infty$ ( $narrow\infty$) . ,












(16) $=\exp\{-\xi^{2}/2+O((n/d)^{1/2})\}arrow e^{-\xi^{2}/2}$ .
, Landau $O(\cdots)$ , . . .
. (ii) .
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4.2 Proof of Theorem 3.2
(10) bottom
$\theta_{d-l}$ $=$ $-d+l^{2}+l(v-2d+1)$
$m_{d-l}$ $=$ $\frac{v-2d+2l+1}{v-d+\iota+1}$ $(l=0,1, \cdots, d)$




$=$ $-( \frac{2}{p}-1)-1/2-1+(\frac{2}{p}-1)/2d^{-}1/2\{l^{2}+\iota(2(\frac{1}{p}-1)d+1)\}$ . (17)
, $p=2d/v$ . $|X|=$
$\nu_{(v,d)}=\sum_{l=0}^{\text{ }}\frac{m_{d-l}}{|X|}\delta_{\hslash^{-1/2}}\theta d-l$ (18)
.
, $darrow\infty,$ $parrow\alpha,$ $0<\alpha<1$ . (18) $(2\alpha^{-1}-$
$1)^{-1/2}$ . $-(2\alpha^{-1}-1)-1/2<X$ $x$ . (17)
$\kappa^{-1/2}\theta_{d-}l\leq x\Leftrightarrow l\leq L(d,p, X)$ ,
$L(d,p, x)=- \{(\frac{1}{p}-1)d+\frac{1}{2}\}+\mathrm{t}(\frac{1}{p}-1)2+d^{2}(\frac{1}{p}-1)d+\frac{1}{4}+((\frac{2}{p}-1)^{1}/21X+)d\}^{1}/2(19)$
,
$L(d,p, x) arrow L(\alpha, x)=\frac{(2\alpha^{-1}-1)1/2_{X}+1}{2(\alpha^{-1}-1)}$ as $darrow\infty,$ $parrow\alpha$ .
$\nu_{(v,\text{ })}$
$\nu_{\alpha}$ , $L(\alpha, x)$ $x$
$-(2\alpha^{-1}-1)^{-1}/2$ $\nu_{\alpha}$ support . ,
$-( \frac{2}{\alpha}-1)-1/2+2(\frac{1}{\alpha}-1)(\frac{2}{\alpha}-1)^{-1/2}l$ $(\iota=0,1,2, \cdots)$





, $darrow\infty,$ $parrow 1,$ $(1-p)d1/2arrow a\in[0, \infty]$ . (18)
$-1$ . $-1<X$ $x$ . (19)






, $x$ ( ) .
, (19) $l$ $m_{d-\iota}/|X|$ , $d!,$ $(v-d)!,$ $(d-l)!,$ $(v-d+\iota)!$
, $l$ – Stirling .
$\frac{d!(v-d)!}{(d-l)!(v-d+\iota)!}$ $\frac{((2/p)-1)^{v-d}+(1/2)}{(1-(l/d))d-\iota+(1/2)((2/p)-1+(l/d))^{v-}d+l+(- 1/2\rangle}$
$=$ $\exp\{-\frac{l^{2}}{(2-p)d}-l\log+o(d-1/2)\}$
. $O(d^{-1/2})$ $d$ , l $P$ . ,
$L(d,p, x)$ $=$ $. \frac{((\frac{2}{\mathrm{p}}-1)1/2_{X}1+)d}{(\frac{1}{p}-1)d+\frac{1}{2}+\{(\frac{1}{p}-1)^{2}d^{2}+(\frac{1}{\mathrm{p}}-1)d+\frac{1}{4}+((\frac{2}{p}-1)^{1/2}X+1)d\}1/2}$
$\leq$ $\frac{((\frac{2}{p}-1)1/2_{X}1+)d}{2(\frac{1}{p}-1)d}=\frac{p}{2}(/2)(1-p)-x+11$
, $l\leq L(d,p, x)$
$l \log=\frac{2}{p}(1-p)l+o(1-p)$
. $O(1-_{P)}$ $P$ . ,
$\frac{v-2d+2l+1}{v-d+\iota+1}--\frac{2\{(p^{-1}-1)+(l/d)\}}{2p^{-1}-1}+O((1-p)d-1/2)+o(d-1)$
, 1 $O(\cdots)$ $p,$ $d$ , 2 $O(\cdots)$ $d$ .
$\nu_{(v,\text{ })([1,])=}-Xl\leq L(\sum_{)d,p,x}\frac{m_{d-l}}{|X|}$
$l \leq L(p,x\sum_{\text{ },)}\{\frac{2(\frac{1}{p}-1+\frac{l}{d})}{\frac{2}{p}-1}+O((1-p)d^{-}1/2)+O(d-1)\}\exp\{-\frac{l^{2}}{(2-p)d}-\frac{2(1-p)l}{p}\}$
. ,
$\iota\leq\sum_{L(d,p,x)}\{O(d^{-}1)+O((1-p)d^{-}1/2)\}\exp\{-\frac{l^{2}}{(2-p)d}$ $-$ $\frac{2(1-p)l}{p}\}$








$\sum_{\iota\leq L(d,p,x)}\exp\{-\frac{l^{2}}{(2-p)d}-\frac{2(1-p)l}{p}\}$ $\leq$ $L(d,p, x)$




( ) $a=\infty$ :
$L(d,p, x) \sim\frac{x+1}{2(1-p)}$
,
$\sum$ $\frac{l}{d}\exp\{-\frac{l^{2}}{(2-p)d}-\frac{2(1-p)l}{p}\}$ $\leq$ $\frac{l}{d}L(d,p, X)$
\iota \leq L( ,p,x)









$arrow$ $\int_{0}^{(x+1})/\{a+(a+x+1)^{1}/2\}\text{ }2te^{-}t^{2}-2tdt$ ,
$\iota\leq\sum_{L(\text{ },p,x)}(\frac{1}{p}-1)\exp\{-\frac{l^{2}}{(2-p)d}-\frac{2(1-p)l}{p}\}$
$=$ $\frac{1}{p}\sum_{p\iota\leq L(d,x)},(1-p)\exp\{-\frac{\{(1-p)l\}^{2}}{(2-p)(1-p)^{2}d}-\frac{2}{p}(1-p)l\}$
$arrow$ $\int_{0}^{a(x+}1)/\{a+(a+x+1)^{1}/2\}22-2d2e-(t/a)tt=\int_{0}^{(}x+1)/\{a+(_{\text{ ^{}2}+}x+1)^{1}/2\}ae^{-}t^{2}-2\text{ }tdt$ ,
2
$\int_{0}^{(x+1})/\{\text{ }+(\text{ }+x+1)^{1}2/2\}t(t+a)e^{-}-22a_{d}tt=\frac{1}{2}\int_{-1}^{x}e^{-}d(_{S+\mathrm{i}})s$ .





[1] Bannai,E., Ito,T.: Algebraic combinatorics I. Association schemes, Benjamin /Cum-
mings, Menlo Park, California, 1984.
[2] Biane,P.: Permutation model for semi-circular systems and quantum random walks,
Pacific J. Math. 171 No.2, 373-387 (1995).
[3] Godsil,C.D.: Algebraic combinatorics, Chapman&Hall, New York, London, 1993.
[4] (Obata,N): To appear in , 2,
(1996).
[5] Vershik,A.M.: Asymptotic combinatorics and algebraic analysis, In: Proc. ICM, Z\"urich,
Switzerland 1994, 1384-1394, Birkh\"auser, Basel, 1995.
121
